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ABSTRACT 
Photovoltaic power systems of all types are now being 

installed in the United States.  Grid-connected installations 
have seen a tremendous jump in their numbers and a wide 
range of designs and sizes are observed.  Standards for 
utility interconnect, listing for safety, and qualification of 
hardware are written and listing and qualification programs 
are now available, but practitioner and hardware 
certifications are not yet in place.  This paper addresses the 
established framework, progress and plans for consensus-
based hardware and practitioner certification efforts 
currently under way as part of the US DOE Solar Program. 

1. Introduction 

Tremendous progress toward a National Voluntary 
Practitioner Certification Program has been made over the 
past 24 months.  This preparatory work is nearing 
completion and by doing so, it is anticipate the first 
certificants will complete the certification process by the 
end of FY2003.  Initially, the “North American Board of 
Certified Practitioners (NABCEP)” will administer the 
program with collaborative support from the US DOE Solar 
Program and various State Programs. [1,2,3]   
 
A program to certify inverter performance is a first step 
towards guaranteeing the quality and energy production of 
installed PV systems.  An important part of this first step is 
the required test protocol that determines what tests need to 
be conducted and how to conduct those tests in a cost 
effective manner.[4]  This protocol is in the last stage of 
completion and will be distributed to participating industry 
members for review and acceptance.  A must in this effort is 
that the certification “VALUE EXCEEDS THE COSTS”.  
 
Leadership in the certification programs reinforces and ties 
together all five of the technical objectives in the systems 
category of the DOE Program Plan.  The five objectives are  
 
1) Reduce life-cycle costs,  
2) Improve reliability,  
3) Increase and assure performance of fielded systems, 
4) Remove barriers to the use of the technology, and  

5) Support market growth for commercial U.S. 
photovoltaic systems. 

 
Correspondingly, near-term goals listed in U.S. Photovoltaic 
Industry Roadmap, 2000 - 2020 are “We must work with 
the government to establish standards, codes, and 
certification, which are essential for consumer protection 
and acceptance” as part of the goals of  “building toward our 
expectation of a $15 billion industry in 2020.”   
 
These certification elements tie to the National Solar 
Program and are a direct response to the “Photovoltaic 
Industry Roadmap”, which highlighted the need for 
certification programs.  Roadmap goals include determining 
the key characteristics, requirements and installation 
procedures that will lead to economical and useful 
photovoltaic applications.  Laboratory qualifications, 
accreditation, and requirements for a certifying body will be 
part of the hardware certification program in the future. 

2. Practitioner Certification 

A key to the market acceptance of photovoltaic (PV) and 
other renewable energy technologies is a commonly 
accepted standard means by which potential users and 
conventional financing organizations can evaluate the 
competency of design, installation, and maintenance 
practitioners.  Prior to recent state initiatives and rebate 
programs for photovoltaic installations, the market for PV 
power technologies did not extend much beyond systems for 
research and early-adopter enthusiasts, or was tied to federal 
applications programs.  This insulated the PV industry from 
many of the demands placed on more established industries.  
Now, as the PV market grows to a more commercial level, it 
must meet these important market demands.  If it is to 
succeed in the marketplace, the PV industry must provide 
consensus measures of quality to assure customers and 
funding agencies alike that they are working with properly 
trained practitioners. 
 
The improvements and advantages offered by a national 
voluntary certification program can only expand the 
horizons for photovoltaic applications.  The certification 
program can aid the technology by: 
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• Encouraging safe and professional work practices; 
• Spurring lower installed system costs; 
• Increasing public acceptance of the solar industry 

and technology; 
• Preserving consumer choice by providing a quality 

seal for qualified practitioners; 
• Giving qualified practitioners a competitive edge; 
• Promulgating quality training guidelines available 

for use in curriculum development;  
• Encouraging increased availability of financing, 

incentives, and public funds. 

Status of Practitioner Certification 
Thanks to a host of expert volunteers from the photovoltaic 
industry, accreditation organizations, academia, the inverter 
industry, experienced installers, dedicated engineers and 
technicians, the NABCEP team has completed nearly all of 
the groundwork needed to launch a voluntary program.  
Dedicated collaborative work with strategic partners 
including the Florida Solar Energy Center, the Interstate 
Renewable Energy Council, the National Renewable Energy 
Laboratory, the Southwest Technology Development 
Institute, the Solar Energy Industries Association, and the 
National Joint Apprenticeship and Training Committee has 
contributed volumes of valuable experience and straw-man 
documents to accelerate the progress.   
 
This work has been completed with financial and technical 
support of the US DOE Solar program as well as from State 
programs.  The check list for completed work is a long one 
and deals with the full range of technical details, legal 
issues, ethics, bylaws, task analysis, applicant requirements, 
testing and validations. 
 
The list of critical milestones completed includes: 
 
 Technical Committees Created 
 Administrative Committee Created 
 Marketing Committee Created 
 NABCEP Created 
 Task Analysis Completed and Approved [5] 
 Applicant Requirements Completed and Approved [6] 
 Study Guide Prepared 
 Tests Prepared, Evaluated, and Secured 
 Outreach Documents Prepared 
 NABCEP Incorporated as a Non-profit 
 Bylaws Completed and Approved 
 Legal Counsel Contracted 
 Appeals Procedures Completed and Approved 
 Code of Ethics Completed and Approved 
 Ethics for Volunteers Approved 
 Applications Drafted 
 Offices for NABCEP Identified  
 Administrator Selected 
 Professional Testing Organization Contracted  
 Timeline for Launching Program Established 

 

Plans for Practitioner Certification 
Plans for launching the national voluntary certification 
program are currently contingent upon continuing funding 
commitments from the US DOE and collaborating agencies.  
The DOE funding is expected to ratchet down as the 
program picks up income from applicants and certificants, 
and financial support from state and other agencies 
especially where the value of the voluntary program is 
greater than the costs of state-by-state licensing or 
organizational requirements.  The goal is reduce to zero 
funding support from the DOE Solar Program in five years, 
but that goal will depend upon the photovoltaic industry 
markets and the number of systems being installed. 
 
The near-term work plan includes completing or putting in 
place the following by the end of FY2003. 
 
1. Continue to exert aggressive efforts in all preparatory 

activities to establish the remainder of the necessary 
documentation, procedures and policies to establish a 
National Voluntary Certification Program for installers 
and practitioners in the photovoltaic and solar 
disciplines; 

2. Interview and hire an Executive Director for the 
program; 

3. Maintain management and appropriate administrative 
support for the preparatory stages and preliminary 
operation of a voluntary PV installer certification 
program; 

4. Work with a qualified “Testing Agency” to evaluate 
and validate tests already prepared and in the hands of 
NABCEP or its representatives.  Work will include 
psychometric analysis, security and determining levels 
or required competency; 

5. Work with legal organizations to finalize 
documentation and provide for the evolution for all 
aspects of the program including codes of ethics, 
appeals processes, applicant requirements, study guides, 
tests, applications and the like; 

6. Facilitate and maintain working relationships with U.S. 
and international accreditation and certification groups,  

7. Represent the U.S. PV and Solar community interests 
regarding domestic and international acceptance and 
recognition of practitioner certification, testing 
requirements, and reciprocity of certification approvals 
especially between states; 

8. Provide and maintain appropriate coordination between 
industry, state and federal governments and the 
represented work force of installers; 

9. Further efforts to promote and encourage participation 
by the PV community (manufacturers, users, etc.) and 
continue to evolve business plans that will ultimately 
make this effort independently funded through 
certificants and other stakeholders; 

10. Negotiate and establish reciprocity protocols for 
associated certification and accreditation programs. 
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3. Hardware Certification 

The objective of this certification effort is to provide cost 
effective means to certify the performance of inverters and 
eventually systems.  The methodology chosen is to first 
write a test protocol for evaluating and certifying the 
performance of inverters for photovoltaic applications as a 
first step to certify inverters.  This final draft will be 
distributed to all interested parties in an open forum to 
solicit comments and recommendations.  All of the 
information obtained in a hardware certification process can 
also be incorporated into inverter models and reliability 
database being developed as part of a systems-driven 
approach for future development.  Once recommendations 
and comments are incorporated into the protocol, and a 
majority consensus is established, the testing protocol can 
be used to help establish a certification program for 
inverters that can lead to complete PV system certification.   

Hardware Certification Status 
The testing protocol documentation is the next step towards 
an inverter certification program and the final draft is 
currently being written.  The documentation for the inverter 
test protocol that is nearly completed includes test 
descriptions and protocols to collect information on: 
 
1. Inverter Efficiency characteristics as a function of 

input, temperature and output; 
2. Inverter Operating Ranges; 
3. Maximum Power Tracking Range; 
4. Maximum Power Point Tracking Accuracy (Steady 

state and dynamic characteristics); 
5. Tare Losses including losses before startup and 

shutdown; 
6. Input Power Startup and Shutdown; 
7. Power Fold-back with temperature or power level; 
8. Inverter Performance Level intended to provide a 

general characterization of inverter performance with 
results presented in kWh/kW (estimated ac energy out 
divided by inverter output power rating. 

Hardware Certification Plans 
The test protocol will be reviewed by members of the PV 
industry, designers, users, utilities, and system organizations 
to determine the value of the tests based on benefit to sales, 
performance expectations, incentive programs, financing 
and impact on overall costs.  It is anticipated the public 
review will take several months.  Incorporation of new input 
should take fewer than two weeks.  Depending upon the 
responses and controversy level, a second public comment 
period may be needed to reach consensus.  Sanity checks on 
the tests listed in the protocol will be provided by Sandia 
National Laboratories’ Photovoltaic Systems Evaluation 
Laboratory.  Unanimous approval is not expected because of 
its complexity and the potential costs of the needed tests.   
 
Once it is apparent the test protocol and the value of the 
effort is determined to be greater than the costs, the test 
protocol will be submitted for consideration as a test 

standard.  Concurrently, a means to establish a third-party 
certification program will be sought.  Given the nature of 
the tests, the limited number of inverter models that will be 
submitted for tests, and the requirements for expensive and 
specialized test equipment, it is anticipated the third party 
testing facility will be an extension of other certification, 
qualification or quality laboratories that do not depend 
solely upon certifying inverters for photovoltaic 
applications.  It is anticipated that meeting all milestones 
and the procedural requirements (description is beyond the 
scope of this article) will result in a formal hardware 
certification program that begins with inverter certification 
but will expand into PV module certification and eventually 
into system certification. 

4. Summary 

Both practitioner and hardware certification work has 
progressed to the point that documentation is in place to 
move forward.  The National Voluntary Practitioner 
Certification Program has progressed rapidly, has completed 
nearly all required milestones and is nearly ready to be 
launched.  The timetable shows graduation of the first 
certificants in FY2003.  The hardware certification started 
later and has progressed more slowly.  The draft test 
protocol for inverters is nearly complete.  Industry reviews 
and public comment periods will evaluate the proposed test 
protocol to determine if it is comprehensive enough and that 
the value exceeds the costs.  Consensus on proceeding 
forward will produce a final test protocol to be submitted to 
become a standard.  Concurrently, the hardware certification 
program will seek a third party to certify hardware, provide 
sanity checks on all test procedures, and help establish a 
viable formal program.  

5. References 

[1] Parker, W., Bower, W., Weissman, J., “Costs and 
Benefits of Practitioner Certification or Licensure for 
the Solar Industry”, Proceedings of the IEEE 29th PV 
Specialist Conference, New Orleans, LA, May, 2002. 

[2] Martin, B., “Developing a photovoltaic Practitioner 
Certification Program”, 2001 Workshop Paper, 
Sacramento, CA, Sep 30, 2001. 

[3] Martin, B., Weissman, J., Fitzgerald, M., A National 
Program for Certifying Solar Electric Practitioners, 
Proceedings of the 8th International Symposium on 
Renewable Energy Education, Aug 2002. 

[4] Bower, W., Whitaker, C., “Certification Of Photovoltaic 
Inverters: The Initial Step Toward photovoltaic System 
Certification,” Proceedings of the IEEE 29th 
photovoltaic Specialist Conference, New Orleans, LA, 
May 21-24, 2002. 

[5] Objectives and Task Analysis for the Solar Photovoltaic 
System Installer, North American Board of Certified 
Energy Practitioners’ photovoltaic Technical Committee 
Document, Available at www.nabcep.org. 

[6] Proposed NABCEP Certification Requirements for 
Photovoltaic Installers, NABCEP photovoltaic 
Technical Committee, Available at www.nabcep.org. 

NCPV and Solar Program Review Meeting 2003 NREL/CD-520-33586  Page 421

3

http://www.nabcep.org/
http://www.nabcep.org/

	Home
	Proceedings
	Table of Contents
	Introduction
	Message from the Chairpersons

	Plenary Session I
	Opening Remarks
	NREL Welcome
	An Energy Security, Systems Context for Solar Energy Technologies
	Welcome to the NCPV and Solar Program Review
	Solar Energy Technologies—Contributing to a Robust Energy Infrastructure

	Plenary Session II
	R&D Opportunities in Solid State Lighting
	Photovoltaic Technology Experience Curves and Markets
	The DOE Solar Program: Photovoltaics
	Solar Thermal Overview
	Concentrating Solar Power Award Presentation
	Paul Rappaport Award Presentation

	Luncheon Topic: An Introduction to Solid-State Lighting
	What the PV Specialists Might Like to Know about Solid-State Lighting
	Solid State Lighting for Human Development

	Module Reliability
	Long Term Photovoltaic Module Reliability
	Stabilization of High Efficiency CdTe Photovoltaic Modules in Controlled Indoor Light Soaking
	Surface Analysis of Stressed and Control Tin Oxide Thin Films on Soda Lime Glass
	Materials Testing for PV Module Encapsulation
	Development of a Super Fast-Cure and Flame-Retardant EVA-Based Encapsulant
	Long-Term Performance of the SERF PV Systems

	III-V Materials and Concentrators
	Defects in GaInNAs: What We've Learned So Far
	The Promise of III-V Nitrides: Useful Properties out of Anomalous Physics
	Recrystallized Germanium on Ceramic for III-V Solar Cells Applications
	Advances in High-Efficiency Multijunction Terrestrial Concentrator Cells and Receivers
	Progress Report on the Integration of the Emcore Triple-Junction Solar Cell into a High Concentration Ratio Fresnel Lens-Based Receiver
	Concentrating Photovoltaic Module Testing at NREL's Concentrating Solar Radiation Users Facility

	Crystalline Silicon
	Rapid Thermal Processing Enhanced Hydrogenation and Screen-Printed Contacts in Silicon Ribbon Solar Cells
	Investigation of Electrical Activity of Dislocation and Grain Boundary in Polycrystalline Float Zone Silicon
	Impact of Metal Impurities on Solar Cell Performance
	Scanning Photoluminescence in Si3N4 Antireflected Coating of mc-Si

	Discussion with Ray Sutula, Manager, U.S. DOE Solar Energy Technologies Program
	Discussion on the Systems-Driven Approach to Research Planning
	Question and Answer Session on the Systems-Driven Approach

	Long-Term R&D Needs
	Solar Electric Future: Linking Science, Engineering, Invention, and Manufacturing
	R&D on Shell Solar’s CZ Silicon Product Manufacturing
	Polymer Photovoltaics — Challenges and Opportunities
	The AC PV Building Block — Ultimate Plug-n-Play that Brings Photovoltaics Directly to the Customer

	Synergies between Solid-State Lighting and PV
	Synergies Connecting the Photovoltaics and Solid-State Lighting Industries
	Research and Manufacturing Synergies between LEDs and PV
	OLEDs for General Illumination? Research & Development Issues
	Solar-Powered LED Lighting Technology

	Cadmium Telluride
	Manufacturing and Technology Development Programs at First Solar
	Mostly Nonuniformity Issues in Thin-Film PV
	Role of Process Chemistry and Stability on CdTe-Based Solar Cell Performance
	Spatially Resolved Cathodoluminescence of CdTe Thin Films and Solar Cells
	ZnTe:Cu Contact Optimization Strategies for Single-Junction and Multijunction CdS/CdTe PV Device Designs
	CdTe PV: Real and Perceived EHS Risks

	Systems Analysis and Reliability
	Advanced Dish Development System Test and Reliability Improvement
	A System-Driven Approach to Parabolic Trough R&D
	CSP Tower System Analysis and Program Planning
	Lifecycle Cost Assessment of Fielded Photovoltaic Systems
	Certification Programs for the Photovoltaic Industry Status and Plans
	Solar Building Systems Analysis

	Excitonics and Exotica: Advanced PV Concepts
	Advanced Concepts for Photovoltaic Cells
	Organic-Based ("Excitonic") Solar Cells
	Organic Photovoltaics Based on Self-Assembled Mesophases
	Influence of Device Architecture and Interface Morphology on the Power Conversion Efficiency of Small Molecular Photovoltaic Cells
	Polymer Based Nanostructured Donor-Acceptor Heterojunction Photovoltaic Devices
	Solar Energy Conversion with Ordered, Molecular, Light Harvesting Arrays

	Luncheon Topic: the Solar Decathlon
	Solar Decathlon, Energy We Can Live With

	Copper Indium Diselenide and Alloys
	High Yield CIS Production — Progress and Perspectives
	Mesoscopic Fluctuations in the Distribution of Electronic Defects Near the Surface Layer of Cu(In,Ga)Se2
	Microstructure of Surface Layers in Cu(In,Ga)Se2 Thin Films
	Advances in CuInSe2-Based Solar Cells: From Fundamentals to Processing
	New Methods for the Study of Defect Distributions in the Copper Indium Diselenide Alloys

	Concentrating Solar Power Technology
	SOLTRACE—a New Optical Modeling Tool for Solar Optics
	Improved Alignment Technique for Dish Concentrators
	Performance and Durability of Solar Reflectors and Solar Selective Coatings
	Trough Technology: The Path to Market Competitiveness at the NSTTF
	Parabolic Trough Testing and Component Evaluation
	Testing Thermocline Filler Materials for Parabolic Trough Thermal Energy Storage Systems

	PV Systems Engineering and Reliability
	Photovoltaics as a Distributed Energy Resource
	PV Inverter Testing, Modeling, and New Initiatives
	Sustainable Hybrid System Deployment with the Navajo Tribal Utility Authority
	Photovoltaic System Performance Characterization Methodologies
	Performance Index Software for the CEC/SMUD ReGen Program
	PV Inverter Products Manufacturing and Design Improvements for Cost Reduction and Performance Enhancements

	Amorphous and Thin-Film Silicon
	Status of Amorphous and Crystalline Thin-Film Silicon Solar Cell Activities
	Status of Hydrogenated Microcrystalline Silicon Solar Cells at United Solar
	Thin Silicon-on-Ceramic Solar Cells
	Amorphous and Microcrystalline Silicon Solar Cells--A Status Review
	Discussion: Amorphous and Thin-Film Silicon

	Solar Thermal, Solar Lighting, and Building-Integrated PV
	Testing and Evaluating a Solar Water Heating Product for the New Home Market
	Polymer Solar Thermal Systems
	Polymer Materials Durability
	ORNL's Hybrid Solar Lighting Program: Bringing Sunlight Inside
	Integrated Energy Roofs
	Plug and Play Components for Building Integrated PV Systems

	Manufacturing Research and Development
	PowerGuard Lean Manufacturing—Phase I Accomplishments
	PVMaT Improvements in BP Solar Large-Scale PV Module Manufacturing Using Ultra-Thin Multicrystalline Silicon Solar Cells
	Specific PVMaT R&D in CdTe Product Manufacturing
	APex™ Solar Cell Manufacturing
	EFG Ribbon Technology R&D for Large Scale Photovoltaic Manufacturing
	Process Control Advancements for Flexible CIGS PV Module Manufacturing

	Plenary Session III: Market Pull/Technology Push -- Where to Invest?
	Introduction
	Arizona Environmental Portfolio Standard
	Photovoltaics Market Pull
	Concentrating Solar Power Systems
	PVEnergy Systems, Inc., PV Forecast
	California Solar Energy Industries Association Presentation
	Strategies for Mainstreaming Grid-Connected PV This Decade
	Market Pull/Technology Push--Where to Invest?

	Poster Session: Advanced PV Concepts
	Polymer Hybrid Photovoltaics for Inexpensive Electricity Generation
	Does Network Geometry Influence the Electron Transport Dynamics in Mesoporous Nanoparticle Solar Cells?
	The Effects of Processing Conditions on Polymer Photovoltaic Device Performance
	Growth and Properties of Microcrystalline Ge-C Films and Devices
	Anchoring Group and Linker Effects on TiO2 Binding and Photoelectrochemical Properties of Solar Cell Dyes
	Broad Band Rugate Filters for High Performance Solar Electric Concentrators
	Optical Rectenna for the Direct Conversion of Sunlight to Electricity

	Poster Session: III-V Materials and Concentrators
	Advances in III-V Compounds and Solar Cells Grown on SiGe Substrates
	Selective Nucleation and Growth of GaAs on Si
	Stress Evolution in GaAsN Films Grown by Reactive Molecular Beam Epitaxy
	III-Nitride Semiconductors for Photovoltaic Applications
	Defect Trapping in InGaAsN Measured by Deep-Level Transient Spectroscopy
	GaNPAs Solar Cells that Can Be Lattice-Matched to Silicon
	Wafer Bonding and Layer Transfer Processes for High Efficiency Solar Cells
	Criteria for the Design of GaInP/GaAs/Ge Triple-Junction Cells to Optimize Their Performance Outdoors
	Projection of Best Achievable Efficiency from GaInP/GaAs/Ge Cell under Concentration
	Optical Design Studies for the Flat-Plate Micro-Concentrator Module
	Innovative Approach for the Design and Optimization for Multijunction Photovoltaic Devices
	Determination of Spatial Uniformity by Ion Imaging with Secondary Ion Mass Spectrometry (SIMS)

	Poster Session: Crystalline and Polycrystalline Silicon
	Hydrogenation of Bulk Si from SiNx:H Films: What Really Ends Up in the Si?
	Hot-Wire Chemical Vapor Deposition for Epitaxial Silicon Growth on Large-Grained Polycrystalline Silicon Templates
	Hot-Wire Chemical Vapor Deposition of High Hydrogen Content Silicon Nitride for Silicon Solar Cell Passivation and Anti-Reflection Coating Applications
	Material Improvements and Device Processing on APIVT-Grown Poly-Si Thin Layers
	Silicon Materials Research on Growth Processes, Impurities, and Defects
	Residual Stress Characterization for Solar Cells by Infrared Polariscopy
	Metallic Precipitate Contribution to Generation and Recombination Currents in p-n Junction Devices via the Schottky Effect

	Poster Session: Amorphous and Thin-Film Silicon
	The FTIR Laboratory in Support of the PV Program
	Real Time Optics of the Growth of Silicon Thin Films in Photovoltaics: Analysis of the Amorphous-to-Microcrystalline Phase Transition
	Micro-Raman Measurements of Mixed-Phase Hydrogenated Silicon Solar Cells
	In Situ Studies of the Growth of Amorphous and Microcrystalline Silicon Using Real-Time Spectroscopic Ellipsometry
	Microstructure Studies of Amorphous and Microcrystalline Silicon-Based Solar Cell Materials
	Correlation of Structural and Electronic Properties with Solar Cell Efficiency for Amorphous Silicon Deposited at Increasing Growth Rates
	Optimization of Phase-Engineered a-Si:H-Based Multijunction Solar Cells
	Hydrogenated Microcrystalline Silicon Solar Cells Using Microwave Glow Discharge
	Transport, Interfaces, and Modeling in Amorphous Silicon Based Solar Cells
	A Paired Hydrogen Site and the Staebler-Wronski Effect in Hydrogenated Amorphous Silicon
	Nano-Crystalline Silicon: A New Solar Material
	Particles and Radicals in Amorphous Silicon Deposition
	Optimization of Filament and Substrate Temperatures for High-Quality Narrow Gap a-Si1-xGex:H Alloys Grown by Hot-Wire CVD
	Growth of High Quality a-Ge:H Solar Cells
	Growth and Characterization of HWCVD Si Films on Al Coated Glass
	Thin Film Silicon Materials and Solar Cells Grown by Pulsed PECVD Technique
	PECVD µc-Si:H Solar Cells Prepared in a Batch-Type Single Chamber Reactor
	Development of Optically Enhanced Back Reflectors for Amorphous Silicon-Based Photovoltaic Technologies
	Project Summary of the NREL Amorphous Silicon Team
	High-Efficiency Single-Junction a-SiGe Solar Cells

	Poster Session: Polycrystalline Thin Films (CIS)
	Practical Doping Principles
	A Superior Monocrystalline CuInSe2 Cell
	Transmission Electron Microscopy Analysis of Cu(In,Ga)Se2 Solar Cell Materials
	Cu(In,Ga)Se2 Materials, Devices, and Analysis for High Performance Devices
	Facilities Development for Ionized Physical Vapor Deposition of Cu(In,Ga)Se2
	Alternate Window Layer Processing for CIGS on Flexible Substrates
	Development of Plasma-Assisted Processing for Selenization and Sulfurization of Absorber Layers
	Development of Large Area CIGSS Thin Film Solar Cells
	Non-Vacuum Processing of CIGS Solar Cells
	Investigation of Pulsed Non-Melt Laser Annealing (NLA) of CIGS-Based Solar Cells
	DLTS Characterization of CIGS Cells
	Direct Measurement of Built-in Electrical Potential in Photovoltaic Devices by Scanning Kelvin Probe Microscopy
	Modeling and Simulation of a CGS/CIGS Tandem Solar Cell
	Back Contact Cracking During Fabrication of CIGS Solar Cells on Polyimide Substrates
	Advanced CIGS Photovoltaic Technology
	An Overview of the CdTe – CIGS Thin Film Solar Cell Program at the University of South Florida

	Poster Session: Polycrystalline Thin Films (CdTe)
	Atomic Structure of Twin Boundaries in CdTe
	Development and Application of Electroluminescence Imaging for CdS/CdTe Characterization
	Progress on High Bandgap CdSe and CdZnTe Devices
	CdTe Back Contact: Response to Copper Addition and Out-Diffusion
	Progress in Continuous, In-Line Processing of Stable CdS/CdTe Devices
	Temperature Dependence of Growth Rate and Morphology of Vapor Transport Deposited CdTe Thin Films

	Poster Session: Polycrystalline Thin Films (TCOs and Others)
	Barrier Coatings for Thin Film Solar Cells
	Advantageous Features of Transparent Conducting Oxide Films by Ultrasonic Pyrosol Deposition
	Highly Conductive Textured Molybdenum Doped Indium Oxide Thin Films
	Ink Jet Printing Approaches to Solar Cell Contacts
	Towards High Performance p-Type Transparent Conducting Oxides

	Poster Session: International Programs
	Technical Support for the Chihuahua Telesecundaria Rural Schools PV Electrification Program
	International Renewable Energy Programs at Sandia National Laboratories

	Poster Session: Standards, Systems Analysis, and Reliability
	NREL Spectral Standards Development and Broadband Radiometric Calibrations
	Photovoltaic Systems Performance and Reliability Database
	Status of IEEE P1526 — Recommended Practice for Testing the Performance of Stand-Alone Photovoltaic Systems

	Poster Session: Module Reliability
	Photovoltaic Module Thermal/Wind Performance: Long-Term Monitoring and Model Development for Energy Rating
	PV Compliance Assistant: An Interactive CD ROM
	Adhesion Strength Study of EVA Encapsulants on Glass Substrates
	Electrochemical Corrosion in Thin Film PV Modules
	Accelerated Stress Testing of Thin-Film Modules with SnO2:F Transparent Conductors
	Nondestructive Performance Characterization Techniques for Module Reliability
	Investigation of Degradation Aspects of Field Deployed Photovoltaic Modules
	Testing and Evaluating a Solar Water Heating Product for The New Home Market
	Corrosion in Copper ICS Collectors at Civano Subdivision, Tucson, Arizona

	Poster Session: Manufacturing R&D
	PV Manufacturing R&D Accomplishments and Status
	Three-Stage CIGS Process Tolerance
	Innovative Approaches to Low Cost Module Manufacturing of String Ribbon Si PV Modules
	Recent Manufacturing Technology Developments at EPV
	Development of Online Diagnostic Systems for Roll-to-Roll a-Si Production: ECD's PV Manufacturing R&D Program
	Development of Automated Production Line Processes for Solar Brightfield Modules
	Measuring and Monitoring Electronic Properties of Si During Industrial Material Preparation and Cell Fabrication


	Attendee List
	How to Use This CD
	How to Search This CD
	Notice



